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HEAT EXCHANGER 

SUMMARY OF THE INVNETION 

1. Field of the Invention 

[0001] This invention relates to a heat exchanger and more particularly, but not 
exclusively, to a shell and tube heat exchanger configured to provide for a uniform 
velocity of fluid flow along a helical path and a maximized heat transfer. 

2. Summary of the Invention 

[0002] A constant battle for maximizing production by heat-exchanging and/or heat- 
generating assemblies primarily target to achieve the following: 

Higher heat transfer efficiency; 

Lower pressure drop; 

Increased performance; 

Effective protection against vibration; and 

Reduced installation and maintenance costs. 

[0003] Whether it is the offshore, refinery, power, petrochemical or paper and food 
industries, heat exchangers are often the core of the above-enumerated objectives. 
Numerous configurations of the heat exchanger are known and used for a variety of 
applications. One of the widely used configurations of the heat exchanger-a shell and 
tube heat exchanger of FIG. 1 -comprises a cylindrical shell 10 housing a bundle of 
parallel pipes 12, which extend between two end plates 14 so that a first fluid 16 can pass 
through the pipes 12. Meanwhile, a second fluid 18 flows in and through the space 
between the two end plates so as to come into contact with the pipes. To provide an 
improved heat exchange between the two fluids, the flow of the second fluid 18 is 
defined by intermediate baffles 20 forming respective passages, which are arranged so 
that the second fluid flow changes its direction in passing from one passage to the next. 
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The baffles 20, configured as annular rings and discs, are installed perpendicular to a 
longitudinal axis 22 of the shell 10 to provide a zigzag flow 24 of the second fluid 18. 

[0004] Disadvantageous^, the second fluid has to sharply change the direction of its 
flow several times along the length of the shell. This causes a reduction in the dynamic 
pressure of the second fluid and non-uniform flow velocity thereof, which, in 
combination, adversely affect the performance of the heat exchanger. 

[0005] A scientific community has long been aware that a perpendicular position of 
baffles relative to the longitudinal axis of the shell is largely responsible for a relatively 
inefficient heat transfer rate/pressure drop ratio. Adjacent baffles extending parallel to 
one another and at a right angle with respect to the longitudinal axis of the shell define a 
cross flow path characterized by numerous sharp turns between adjacent channels. The 
efficiency of heat transfer can be improved by reducing the spacing or window between 
the baffles. However, decreasing the window results in high flow velocity along the 
outer edges of the baffles, which are juxtaposed with the shell, and low flow velocity 
closer to the center of the shell. The non-uniformity of flow distribution within each 
segment defined between the adjacent baffles causes numerous eddies, stagnation regions 
as well expansion/contraction of pipe stretches, which decrease convective heat transfer 
rates. A further factor contributing to a decreased heat transfer rate is attributed to the 
fact that the pipes traversed by the first fluid have to be positioned at a certain radial 
distance from the shell. Accordingly, the cross flow around the peripherally located 
pipes is faster than around centrally mounted pipes. 

[0006] Thus, conventional baffle arrangement as described above results in flow bypass 
through baffle-to-shell and pipe-to-baffles clearances. Bypass flow reduces the cross- 
flow heat transfer while the flow maldistribution caused by significant velocity variations 
increases back-flow and eddies in the dead zones, and consequently higher rates of 
fouling on the shellside. Such flow maldistribution leads to the high temperatures and 
corrosion of the peripheral pipes causing their rapid deterioration and, as a consequence, 
the reduced role in the heat exchange process. Since the heat exchanger design is based 
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on the uniform contribution of each pipe of the entire bundle to the heat exchange 
process, those pipes that have been damaged cannot meet this requirement and should be 
replaced. Costs associated with such replacement are high making the maintenance of 
the heat exchanger cost prohibitive. 

[0007] Furthermore, conventional arrangement may cause high flow-induced vibration 
losses since long pipes reaching often 24-feet long are supported by a succession of 
baffles which, in order to solve the problem associated with the non-uniform velocity, are 
spaced apart at a substantial distance. As a result of high thermal gradient and non- 
uniform cross flow vibration hazards are significant. 

[0008] Thus, it is desirable to configure a baffle assembly that can attain the 
following objectives: 

Uniformity of cross-flow through a shell leading to an improved convection 

heat exchange rate; 

Stability and correctness of actual positioning of multiple baffles relative to 
multiple pipes supported by a baffle assembly or cage; and 
Facilitation of installment of a baffle assembly. 

SUMMARY OF THE INVENTION 

[0009] These objectives have been achieved by replacing conventional segmental 
plate baffles with a succession of spaced apart quadrant-shaped baffles each positioned at 
an angle to a longitudinal axis of a shell to create a pseudo helical flow path on the 
shellside. One of the advantages of the inventive structure is that the angularly 
positioned baffles act as guide vanes for the cross flow, which has substantially uniform 
velocity along the opposite sides of each baffle avoiding thus back flow and eddies. 

[00010] Thus, instead of squeezing the cross flow as done in the above-discussed 
conventional design, a succession of inclined baffles directs the second fluid along a 
helical, more natural flow path providing for a substantially uniform flow rate and 
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minimization of leakages. Since the flow velocity is substantially uniform on both sides 
of each baffle, a pressure gradient across the latter is insignificant. Hence, there are no 
undesirable leakages across or through the baffles, and the flow, as theoretically 
designed, occurs mainly along the surface of the baffles, which face the inner wall of the 
shell and form the peaks of the helical path. Thus, while the second fluid can traverse the 
entire length of the shell faster or slower depending on the angle of the baffles relative to 
the normal to the longitudinal axis of the shell, the flow velocity remains constant. 

[0001 1] Furthermore, since flow energy consumed in expansion and contraction of 
flow conveying elements is minimal, the pressure losses are merely a fraction of the 
losses observed in the conventionally baffled heat exchangers. Thus, the helical baffle 
geometry offers much higher conversion of available pressure drop to heat transfer. 

[00012] In accordance with one aspect of the invention, helical baffle quadrants reflect 
the segments of elliptical plates. Configuration of the elliptically shaped outer surfaces 
juxtaposed with the inner wall of the shell provides for tight clearances therebetween and, 
as a consequence, minimizes leakages when the helically baffled tube bundle is inserted 
into the shell. 

[00013] To ensure the desired positioning of multiple baffles relative to one another 
and to a bundle of pipes subsequently mounted through these baffles, the invention 
provides for variously configured reinforcing elements interconnecting a succession of 
baffles. In accordance with one embodiment, separate longitudinal seal strips are tack 
welded to the baffle edges of adjacent baffles. Alternatively, spacer strips can bridge tie 
rods, which are configured to secure the spaced-apart baffles. Finally, the opposite radial 
flanks of each baffle may have an angularly extending flange provided with fully formed 
holes that are traversed by those pipes that would otherwise be secured in open semi 
holes formed along opposing edges of the adjacent baffles. 

[00014] Still a further aspect of the invention provides for a helical baffle arrangement 
including two strings of baffles, which form a double helix pattern. Such a structure is 
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particularly advantageous for reinforcing longs spans of pipes, without, however, 
affecting the uniform velocity of the flow. 

[00015] The inventive structure is equally advantageous for existing plants as well as 
for grassroots applications. For the former, the advantage of the inventive structure is 
that it helps to increase the capacity while lowering maintenance costs. Indeed, the 
percentage of pipes needed to be replaced due to the corrosion and mechanical failure is 
substantially reduced as a result of elimination of eddies or back mixing. For the 
grassroots applications, the inventive structure helps to reduce plot space, energy costs 
and investment. 

[00016] It is therefore an object of the invention to provide an improved baffle 
arrangement in a shell and pipe heat exchanger configured to minimize the non- 
uniformity of the cross flow velocity and to maximize the heat exchange rate; 

[00017] Still a further object of the invention is to provide a quadrant baffle plate 
shaped to minimize clearances between the baffle arrangement the inner side of the shell; 

[00018] Yet another object of the invention is to provide a succession of quadrant 
baffles with reinforcing arrangements configured to facilitate insertion and ensure the 
desired position of the pipes in the quadrant baffles; 

[00019] A further object of the invention is to provide a double helix arrangement of 
the quadrant baffles configured to enhance bundle integrity against flow-induced 
vibrations; and 

[00020] Still a further object of the invention is to configure the quadrant baffles so 
that the double helix arrangement installation would be labor effective. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00021] The above and other objects, features and advantages will become more 
readily apparent from the following description accompanied by a set of drawings, in 
which: 

[00022] FIG, 1 is a diagrammatic view of flow distribution in a conventional shell and 
tube heat exchanger; 

[00023] FIG. 2 is a diagrammatic perspective view of the inventive heat exchanger; 
[00024] FIG. 3 is a perspective view of a baffle cage; 

[00025] FIG. 4 is an elevational isometric view of a four-quadrant baffle assembly; 

[00026] FIG. 5 is a view of a single baffle configured in accordance with the 
invention. 

[00027] FIG. 6 is an elevational side view of the inventive heat exchange of FIG. 2 
illustrating longitudinal seal strips; 

[00028] FIG. 7 is an elevational view of the inventive heat exchanger illustrating 
stiffener strips; 

[00029] FIG. 8 is an elevational view of the inventive quadrant baffles configured in 
accordance with another embodiment of the invention; 

[00030] FIG. 9 is a schematic view of a double helix configuration of the inventive 
helical quadrant baffle arrangement. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 


[00031] Referring to FIG. 2, the inventive helically baffled heat exchanger 30 is 
configured with a plurality of quadrant shaped segment baffle plates 32 each positioned 
at an angle X relative to a normal N-N to a longitudinal axis A-A of a shell 34. The baffle 
quadrant plates 32, (hereafter referred to as baffles), thus guide a shellside cross flow 36 
into a helical pattern and at a reduced unsupported pipe spans between the baffles. The 
result is true cross flow on shellside with effective conversion of available pressure drop 
to heat transfer and reduced risk due to minimized vibration of pipes 40 traversed by 
another fluid. There are no dead spots along the cross flow 36 for fouling, and wasted 
energy of eddies or back mixing is substantially eliminated. Although the baffles 32, as 
shown in the accompanying drawings, are flat, the opposite sides of each baffle may be 
curved to guide the cross flow 36 along the helical pattern. 

[00032] As illustrated in FIGS. 3 and 4, a baffle cage 26, which is a combination of 
successive baffles or quadrant plates 32 positioned at the angle X and interconnected by a 
plurality of tie rods 28, serves as a support for multiple pipes 40 and as a helical guide for 
the cross flow 36. Preferably, the cage has a center pipe 38 (FIG. 4) supporting each of 
the baffles in a respective desired angular position characterized by alignment between 
holes 50 of successive baffles 32, which is necessary for efficient installment of a 
plurality of pipes 40 within the shell. To ensure the proper angular position of the baffles 
32 and, thus, the structural accuracy of the cage 26, an apex of each baffle may be drilled 
with a uniquely angled notch 42 formed so that the baffles 32 maintain the angle X while 
being displaced along the center pipe 38. 

[00033] In accordance with a further embodiment of the invention, installing 
longitudinal seal strips 44 between the baffles 32, as illustrated in FIGS. 3 and 6, further 
enhances the accuracy of the cage 26. The geometry of the baffles 32 is configured to 
have corner tips 48 of peripheral edges 46 of the baffles 32 oppose to one another. If the 
baffles are remained unsupported then minimal structural irregularities and flow loads 
may cause misalignment of pipe holes 50 of the successive baffles. Bridging these 
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unsupported end regions 48 with seal strips 44, each coupling a respective row of parallel 
baffles, improves alignment between pipe holes 50, and, upon the securement of the 
desired position of the baffles, allows for an efficient installation of the pipes 40. 

[00034] The seal strips 44 provide a simple, efficient and cost-effective structure 
ensuring the proper position of the adjacent baffles and reliable securement of the pipes 
common to these baffles. Advantageously, the seal strips 44 are positioned within the 
clearance between the outer edges 46 (FIGS. 4, 5) of the baffles and the inside of the 
shell to avoid interference with the cross flow and may be variously shaped including a 
polygonal or annular shape. Each of the seal strips 44 continuously extends along the 
entire length of the cage 26 and is spot-welded or tack welded to the corner tips 48. 

[00035] In accordance with an embodiment shown in FIG. 7, the desired clearance 
between the adjacent baffles can be achieved by providing spacer strips or stiffening 
plates 56 across the tie rods 28, each of which is attached to a respective one of the 
adjacent baffles 32, as better seen in FIG. 3. This reinforcing arrangement has partially 
the same rational as the embodiment disclosed immediately above and allows the desired 
alignment between the pipe holes 50 of the baffles 32. A further advantage stemming 
from the installation of stiffener plates 56 allows for reliable engagement of the pipes 80 
common to the adjacent baffles 32 (FIG. 3 and 9). Semi-circular notches 52 (FIGS. 4, 5) 
formed along flanks 54 of the adjacent baffles engage the common pipes 80 from 
opposite sides. Having been reinforced by the plates 56, the baffles 32 are stiffened 
angularly towards one another so that the notches 52 formed on the adjacent baffles 
securely engage the pipes 80 therebetween. 

[00036] In accordance with still a further alternative embodiment of the inventive 
reinforcing element, the end regions 49 of the adjacent baffles 32 can be braced by a 
common pipe row or rows, as shown in FIG. 8. Specifically, the end region 49 of the 
baffle 32 is formed as an overhang or extending section 58 having at least one aperture 
60. Overlapped sections 58 of the adjacent baffles are so positioned that the apertures 60 
are aligned relative to one another and traversed by the pipe(s) 50. This embodiment is 
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particularly advantageous since there is no need for additional reinforcing elements to 
align the adjacent baffles, which, if used as shown in FIGS. 6 and 7, increase the 
manufacturing, installment and maintenance costs. 

[00037] Complying with the structural particularities of the shell and tube 
configuration heat exchanger, each baffle 32 terminates at a radial distance from an inside 
wall 62 of the shell 34 (FIG. 2). Conventionally, a baffle plate has a peripheral edge 
conforming to a circular arch of the shell. Positioning the circular baffles at the angle X 
would necessarily provide a non-uniform clearance between the circular inside wall 62 of 
the shell and the outer peripheral edge of the baffle, if the latter was shaped 
complementary to the inside wall 62. Hence, the velocity of the cross flow through the 
non-uniform clearance would be non-uniform as well. To remedy it, the inventive baffles 
32, as shown in FIGS. 4 and 5, each have the outer peripheral edge 46 shaped as a 
segment of the elliptical surface, which, when the baffles 32 are positioned at the angle A,, 
are uniformly spaced from the inside wall 62 of the shell. 

[00038] FIG. 9 illustrates a double helix baffle arrangement 90 configured in 
accordance with the invention. Increasing the frequency of the baffles 32, a non- 
supported span of the pipes 40 (FIG. 3) is reduced in half, without, however, affecting the 
velocity of the cross flow, which remains substantially uniform. 

[00039] Increasing the frequency of the baffles 32 poses a problem of positioning the 
adjacent baffles in the cage 26 because of the space deficit. As shown in FIGS. 4 and 9, 
baffles 94 and 94'of first helix 96 and second helix 98, respectively, each have a hole 100 
drilled at the desired angle X and dimensioned to surround and slide along the central pipe 
38 (FIG. 4). Accordingly, rotating these baffles about the central pipe 38 allows for their 
desired angular positions and, when the position is established, diametrically opposite 
baffles 92' and 92, each formed with a notched apex 42 (FIG. 4), can be easily shifted 
along the central pipe 38 to avoid the interference with the apexes of baffles 94 and 94'. 
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[00040] It will be understood that various modifications may be made to the 
embodiments disclosed herein. Therefore, the above description should not be construed 
as limiting, but merely as exemplifications of preferred embodiments. Those skilled in 
the art will envision other modifications within the scope and spirit of the claims 
appended hereto. 


10 


